Thepresent study was undertaken to evaluate the hypocholesterolemic activity of buttermilk, milk fat globule membrane (MFGM) and Enterococcus faecium FFNL-12 in rat model. Thirty-sixth male Abino rats were divided into six groups. The first one (coded as G1) was fed a standard diet containing 10% corn oil as fat source while remaining five (coded G2 to G6) were fed hypercholesterolemic diets in which oil was replaced with animal grease. Animals subjected to treatment G1 served as healthy control while those in G2 were assigned as hypocholesterolemic animals which did not receive any treatment. The remaining experimental groups were designed to assess the hypocholesterolemic effect of intragastric adminstartion of dose of 10 9 CFU/Kg body weight of Enterococcus faecium FFNL-12 (G3), Enterococcus faecium FFNL-12/butter milk (G4), buttermilk (G5) and milk fat globule membrane (MFGM). After four weeks, animals were evaluated in relation to growth, fecal pH, organs weight, serum lipid profile, antioxidant activity of liver tissue, liver and heart function and liver histopathological architecture. Results revealed that animals fed hypercholesterolemic diet (G2-G6) had significantly lower faecal pH and liver weight compared with those fed standard diet (G1). Treatments applied to animals fed hypercholesterolemic diet with the above mentioned additions (G3 to G6) appeared to improve both cardiac and hepatic functions, serum lipid profile and glucose concentration and liver histopathological architecture compared with animals subjected to G2 treatment. In most cases, treatment with MFGM appeared to be the most effective to avoid adverse effects associated to feeding hypercholesterolemic diet. MFGM fraction as well as E. faecium FFNL-12/buttermilk combination were effective in reducing serum lipids and glucose levels to the normal range. This combination also had potential antioxidant activity and ability to improve liver and heart functions.
Introduction
Cholesterol plays a vital role in human body as the precursor for synthesis of steroid hormones and bile acids. In addition, it is one of main components of cell membranes where it plays essential role in their structural integrity. Cholesterol is circulating in the blood stream in lipoproteins form. The elevated level of cholesterol in blood "hypercholesterolemia" is usually attributed to obesity and consumption of diet containing high levels of saturated fats in addition to inherited factors. 1 hypercholesterolemia is considered to be one of the main causes of atherosclerosis and cardiovascular diseases.
The prevalence of cardiovascular disease increases steadily worldwide and is considered the leading global cause of death.The American Heart Association and the National Institutes of Health reported that cardiovascular disease would be responsible for 23.6 million deaths by 2030 2 . Cardiovascular diseases were responsible for 39% of all deaths in Egypt in year 2008 3 (World Health Organization).
In attempt to control hypercholesterolemia, considerable attention has been given to develop wide varieties of functional foods with potential hypocholesterolemic effect. Numerous studies have been dealt with the possible role of dairy products to control cholesterol concentration in patients with hypercholesterolemia. Among products, buttermilk, one of the oldest functional foods, appears to have potential hypocholesterolemic effect due to its unique composition and high content of phospholipids and milk fat globule membrane (MFGM) 4 . Indeed, several studies have been reported on the potential hypocholesterolemic effect of buttermilk using either in vitro and in vivo models or clinical trials. [5] [6] [7] [8] [9] Also, many studies have confirmed the potentiality of a wide variety of probiotics to control hypercholesterolemia. [10] [11] [12] In recent study, the experimental animals which were fed with 3 mL and 2 mL of soy milk fermented by probiotic starter consists of Streptococcus thermophilus, Lactobacillus acidophilus LA-5, and Bifidobacterium bifidum Bb-12 for 40 days, showed that the rate of cholesterol and triglyceride decreasing in T1treatment compared with sample control. 13 The present study aimed to evaluate the hypo cholesterolemic effect of buttermilk, Enterococcus faecium FFNL12 and MFGM in rats.
Material and Methods Buttermilk
Fresh sweet cows' buttermilk (pH 6.1±0.1) was obtained from dairy pilot plant, Alexandria University. It was dried by spray drier (Edipon international, 28918 LEGANES, Madrid, Spain). The gross chemical composition of buttermilk was 0.53% ash, 2.57% fat, 2,95% protein and phospholipids content of 8.67mg/100 ml.
Preparation of milk fat globule membrane (MFGM) MFGM was prepared from sweet buttermilk according to the method described by Rombaut (2007) . 14 Briefly , pH of buttermilk was adjusted at 5.2 and zinc acetate was added to obtain final concentration of 30 mM. The mixture was incubated at 30ºC for 1 h for complete precipitation of MFGM. 15 The precipitate was collected by filtration through cheese cloth, washed with water and centrifuged at 6000 rpm for 10 min. The pellet was collected, flashed with nitrogen and kept at -80°C.
Phospholipids Content
Phospholipids in milk fat globule membrane fraction and buttermilk were extracted according to the method described by Albrinks (1959) 16 using solvent mixture composed of chloroform: methanol (2:1 v/v). An equal volume of ammonium ferrothiocyanate (N/10) was added and the optical density was then read at 488 nm using PG Instruments Limited, T80 (double beam UV/Vis spectrophotometer, England). For quantification of phospholipids, serial concentrations of Lα-phosphatidylcholine (Sigma 61755-275G, from egg yolk, USA, product in China) were prepared and treated in the same manner as samples.
Bacterial Strain
Enterococcus faecium FFNL12 (E. faecium FFNL12) strain was obtained from functional foods and nutraceuticals culture collection, Faculty of Agriculture, Alexandria, Egypt.
In vivo Study Animals
Thir ty six ten-week old male albino rats (170-200 g) were obtained from the animal house of the Institute of Graduate Studies and Research (IGSR), Alexandria University. The study approved by the Ethical Committee, the Institutional Animal Care and Use Committee (IACUC) at Alexandria University.Animals were housed 6 per cage and kept under proper environmental condition and maintained at 25±1°C with 12 h dark and light on cycle and room humidity was round 50±5%. Standard diet was prepared according to the guide of American institute of nutrition (Table 1 ). Diet and tap water were provided ad libitum. In order to induce hypercholesterolemia, corn oil in the standard diet was replaced by animal grease at the same ratio. 17 
Experimental Design
After two weeks of acclimatization, the animals were divided into six equal groups (6 animals per group). Animals belonging to groups 2 to 6 were fed hypercholesterolemia inducing diet for 2 weeks prior to starting the experiment. Animals assigned to different experimental groups are given in Table (2) .
Buttermilk and MFGM fraction were administrated to animals in order to deliver 0.11% (w/w) phospholipids to each animal as recommended by (Simon 2009 ). 18 Dried buttermilk was reconstituted in sterilized distilled water at 10% (w/w). Based on phospholipid content of buttermilk and MFGM determined early in the present study, a volume equivalent to the required dose of phospholipids was diluted in a sterilized saline solution and the final volume was adjusted to 0.5 ml representing the administrated dose for one animal. For the administration of bacterial cells to animals, freshly bacterial suspension was prepared by propagation of the Enterococcus faecium FFNL-12 in MRS media at 37°C for 16 hrs. The culture was then centrifuged at 6000 xg for 15 min at 4°C. The bacterial pellet was washed twice with sterile saline solution (0.85% NaCl), centrifuged at 6000 xg for 15 min and re-suspended in sterilized saline. The bacterial count was obtained by plating serial dilution samples on MRS agar medium and incubated at 37°C for 48 hrs. Bacterial suspension equivalent to 109 CFU/kg of animal body weight was prepared in 0.5 ml sterilized saline prior to administration to animal. The experiment lasted for 28 days.
Measured Parameters Faecal pH determination
Faecal samples of each experimental group were collected weekly, diluted one-tenth in deionised water and subjected to pH measurement using pH meter (Crison instuments, S.A., E-08328 ALELLE-Barcelona, Spain).
Determination of Body and Organs Weights
Gain weight of each animal was determined weekly and results were expressed as total weight gained through the entire experiment according to the following equation:
Gain weight = W f -W 0 .
W f was the final weight recorded at the end of the experiment and W 0 was the initial weight recorded at the beginning of the experiment.
At the end of the experiment, animals were fasted for an overnight and lightly anaesthetized with diethyl ether. Rats were sacrificed and organs (liver, kidney, brain, lung, heart and testis) were immediately removed, washed twice with saline solution, dried using tissue paper, weighed and stored at -80°C until used. Fresh liver tissues were subjected to histological analysis directly after they had been excised from animals.
Sera Preparation
Blood samples were collected in plastic tubes and placed at room temperature for 30 min. Serum was obtained by centrifugation of samples at 3,000 xg for 20 min at 4°C. The sera were pipetted, kept in 1.5 ml microtube and stored at -80°C until the assays of biochemical parameters and enzyme activities.
Glucose Determination
Serum glucose levels were determined by enzymatic GOD-POD method as described by Braham and Trinder (1972) . 19
Determination of Lipid Profile
The concentrations of total lipids, total cholesterol (TC) and triglycerides (TC) in the sera were determined as previously described. [20] [21] [22] High-density lipoprotein-cholesterol (HDL) was determined according to the method of Grove (1979) 23. Lowdensity lipoprotein-cholesterol (LDL) was determined by the calculation (LDL) = (cholesterol-(HDL+V-LDL)) according to Fridewald (1972)24. Very low-density lipoprotein-cholesterol (V-LDL) was calculated by dividing the values of TG by factor of 5 according to the method described by Friedewald et al., 24 .
Liver Thiobarbituric Acid-Reactive Substance (TBARS) Content
After excision, livers were weighted, immediately washed using chilled saline solution, dried with tissue paper and stored at -80°C until the homogenization process.
Frozen liver were minced and homogenized (10% w/v) in ice cold sucrose buffer (0.25 M to make a 1:10 suspension) in a Wise Tis® HG-15D Homogenizer, DAIHAN-SCIENTIFIC, India. The homogenate centrifuged at 10,000 xg for 30 min at 4°C. The resultant supernatant was then stored at -80°C. The liver homogenates were used for the analysis of free radicals determination. Lipid peroxidation was measured as Thiobarbituric acidreactive substances liver tissue by the method of Tappel and Zalkin, (1959). 25
Liver Function
The alkaline phosphatase (ALP) activity in the serum was assayed by a kinetic method using commercial kits (Bio Systems S.A Costa Brava 30, Barcelona, Spain) according to the method of the International Federation of Clinical Chemistry. 26 The acid phosphatase (ACP) activity in the serum was assayed by a kinetic method using commercial kits (Abbott Clinical Chemistry, USA) according to the method of Bergmeyer (1985) . 27
Cardiac Function
The creatine kinase activity in the serum was assayed by a kinetic method using commercial kits (Spectrum Co. Cairo, Egypt) according to the method of the International Federation for Clinical Chemistry. 28 Lactate dehydrogenase (LDH) activity was determined in the serum by the kinetic method using available commercial kits (Vitro Scientist, Cairo, Egypt) according to the method described by Moss (1987) . 29
Liver histology
Liver tissues were excised and fixed in neutral buffered formalin 10% for 14-18 hr and then dehydrated through ascending grades of ethyl alcohol until they reached the absolute alcohol (1hr). The fixed tissues were sectioned at 4 to 5 mm thickness. Tissue sections were collected on glass slides, deparaffinized and stained with Hematoxylin and Eosin stain. 30 The sections are then examined and observed under light microscope at 400X magnification.
Statistical analysis
Statistical analysis was performed using the SPSS 25.0 software (Statistical Package for Social Sciences, USA). Analysis of variance (ANOVA) of the data was conducted and means for property values were separated (P ≤ 0.05) with Student-Newman-Keuls (SNK) and Duncan multiple range tests. Differences were considered significant at P ≤ 0.05.
Results and discussion
Phospholipids of Buttermilk and MFGM Phospholipids concentration of buttermilk was 8.67 mg/100g, which was lower than the value of 13 mg/100g reported by Conway (2014)31. On the other hand, phospholipids content of MFGM was 13.5 mg /100g, which was similar to that reported previously by Gille (2011) . 32
In vivo Study Faecal pH
The evolution of faecal pH of different groups of animals is shown in Table 3 . Faecal samples collected from animals fed cholesterol inducing diet (G2 to G6) had significantly lower pH value compared with samples from animals fed standard diet (G1). Among hypercholesterolemic groups, faecal samples from G2 had the lowest pH value while animals subjected to G5 showed the highest values, which were closest to those of healthy animals (G1). Similarly, fat-enriched diets have been found to increase acidity in faecal materials collected from rats. 33
Body Gain and the Organs Weights
Data concerning the body gain and organs weights of different animal groups are presented in Table 4 . Results showed that there were significant differences in gain weights among experimental groups and control group. In general, feeding hypercholesterolemia inducing diet (G2-G6) caused significant increase in body gain weight and G2 had the highest increase. Animals with hypercholesterolemia subjected to groups G3 to G6 had gain weights higher than those of healthy animals (G1) but lower than weights recorded for animals in G2.Similar studies also reported that hypercholesterolemic diet-fed mice gained significantly more weight than standard diet-fed mice. 34, 35 On the other hand, there were significant differences in absolute weights of different organs among animal groups. The major changes were found for liver, heart, lung and spleen weights, while kidney, brain and testis were less affected. In general, feeding animals on hypercholesterolemia inducing diet led to significant reductions in the absolute weights of liver, heart and lung. 36 
Serum Glucose
Levels of serum glucose found in animals of different groups after 28 days of experiment are presented in Table 5 . In general, feeding hyperchelesterolemic diet (G2-G6) resulted in significant increase in serum glucose concentration. Animals subjected to G2 treatment had serum glucose concentration of 127.77 while healthy animals in G1 had 79.73 mg/dl. Similarly, Sörhede and Ahrén (2004) 35 reported that mice fed high-fat diet had higher serum glucose concentration compared with those fed standard diet. Islam (2014) 37 reported that the inclusion of butter at 10 or 20% into the standard diet caused significant increase in plasma glucose concentration and this effect was proportionally correlated with the level of added butter. On the other hand, animals subjected to treatments G3 to G6 had glucose concentration ranging from 103.13 to 87.13 mg/dl. Among treatments, MFGM appeared to be the most effective to reduce serum glucose level followed by E. faecium FFNL-12/buttermilk combination, E. faecium FFNL-12 and buttermilk, respectively. At the end of the experiment, serum glucose level of different groups was in the following descending order G2 > G5 > G3 > G4 > G6 > G1, respectively. A previous clinical study indicated that MFGM could exert antidiabetic and hypocholesterolemic effect in over-weight obese men and women. 38 This study reported that the addition of a dairy fraction rich in MFGM attenuated the negative effects of a high saturated fatty acid meal by reducing postprandial cholesterol, inflammatory markers and insulin response.
Serum Lipid Profile
Hypercholesterolemic diet used in this study appeared to induce efficiently both hypercholesterolemia and hypertriglyceridemia in rats. These terms refer to the presence of higher levels of cholesterol and triglycerides, respectively, in the blood compared with normal concentrations. 39 Similarly as in our study, Harini and Astirin (2009) 40 reported that hypercholesterolemic diet could be formulated by replacing vegetable oil in the standard diet with 10% animal lard. Animal lard is known to contain high concentration of triglycerides of saturated fatty acids which can increase blood cholesterol and triglycerides. 17 The effect of different treatments on serum lipids, including triglyceride (TG), total cholesterol (TC), high density lipoprotein (HDL) cholesterol, low density lipoprotein (LDL) cholesterol, and very-low density lipoprotein (V-LDL) cholesterol of hyperlipidemic rats are presented in Table 5 .
Triglycerides
The replacement of corn oil in standard diet with animal grease appeared to increase concentration of serum level of triglycerides from 94.61 (G1) to 136.11 (G2) mg/dl. High serum triglycerides had been shown to be an underlying cause of several putative lipid risk factors for coronary heart disease. 41 The serum levels of triglycerides in animals subjected to treatments G3 to G6 were ranging from 88.07 to 132.47 mg/dl which were significantly lower than 136.11 mg/dl found in animals belonged to G2. The administration of MFGM (G6) appeared to be the most effective treatment to reduce risk for the development of hypertriglyceridemia. An average concentration of 88.07 mg/dl was found in serum of animals subjected to G6 which was significantly lower than 94.61 mg/dl for healthy animals (G1).
At the end the experiment, the levels of serum triglycerides were in the following order, G2 > G3 > G4 > G5 > G1 > G6, respectively.
TC, HDL, LDL and VLDL
The serum levels of total cholesterol in animals subjected to treatments G3 to G6 were ranging from 84.15 to 111.43 mg/dl, which were significantly lower than 128.51 mg/dl found in animals in G2. The administration of MFGM (G6) appeared to be the most effective treatment to reduce risk for the development of hypercholesterolemia. At the end of the experiment, an average concentration of 84.15 mg/dl was found in serum of animals subjected to G6 which was significantly close to 83.16 mg/dl for healthy animals (G1). The levels of serum total cholesterol determined at the end of the experiment were in the following descending order, G2 > G3 > G5 > G4 > G6 > G1, respectively.
The serum levels of good cholesterol, HDL cholesterol, in animals subjected to treatments G3 to G6 were ranging from 24.54 to 48.32 mg/ dl which were significantly higher than 20.28 mg/ dl found in animals of G2. This finding is correlated with the reduction in total cholesterol concentrations in the same groups. Again the administration of MFGM proved to be effective to reduce risk for the development of hypercholesterolemia by increasing the HDL cholesterol. An average concentration of 48.32 mg/dl was found in serum of animals from G6, which was significantly higher to 27.20 mg/ dl for healthy animals (G1). The levels of serum HDL cholesterol among different groups were in the following order, G6 > G5 > G1 > G3 and G4 > G2, respectively. On the other hand, it has been proven recently (according to research presented at European Society of Cardiology Congress held in 2018) that very high levels of high-density lipoprotein (HDL or "good") cholesterol may be associated with an increased risk of heart attack and death (https://www.sciencedaily.com/ releases/2018/08/180825081724.htm).
The serum levels of bad cholesterol, LDL, in animals subjected to treatments G3 to G6 were ranging from 18.22 to 60.42 mg/dl which were significantly lower than 77.01 mg/dl found in animals belonged to G2. Results also revealed that the administration of MFGM to G6 reduced the concentration of LDL cholesterol. An average concentration of 18.22 mg/ dl was found in serum of animals subjected to G6 which, was significantly lower than 37.00 mg/dl for healthy animals G1. The levels of serum LDL cholesterol were in the following order, G2 > G5 and G3 > G4 > G1 > G6, respectively.
The serum levels of very low density cholesterol, considered also as bad cholesterol, in animals subjected to treatments in G3 to G6 were ranging from 17.61 to 26.49 mg/dl which were significantly lower than 27.22 mg/dl found in animals reported for G2. Among treatments, the administration of MFGM (G6) was correlated with the lowest concentration of VLDL cholesterol with an average concentration of 17.61 mg/dl which was significantly lower than 18.92 mg/dl for healthy animals (G1). The levels of serum VLDL were in the following order, G2 > G3 > G4 > G5 > G1 > G6, respectively.
The hypocholesterolemic effect, expressed as reduction in TC, HDL and VLDL, of buttermilk (G4 and G5) and MFGM (G6) reported in this study could be attributed to the affinity of sphingomyelin (main milk phospholipid) to cholesterol molecules. 42 The complex sphingomyelin-cholesterol is known to be hydrolysed slowly in the gastrointestinal tract. 43 This slowness in hydrolysis along with strong chemical affinity between cholesterol and sphingomyelin are believed to be responsible for reduction of cholesterol absorption in the gastrointestinal tract. 44 A previous study on MFGM indicated its ability to attenuate the negative effects due to the consumption of a high-saturated fatty acid meal by reducing postprandial cholesterol, probably due to its high phospholipids content. 38 On the other hand, E. faecium FFNL-12 exhibited an effective hypocholesterolemic effect either when administrated alone (G3) or in combination with buttermilk (G4). An enterococccal strain with potential cholesterol-lowering activity had been isolated from stool of healthy infants and identified as E. faecium WEFA23-. 45 This strain proved to be safe by acute oral administration in mice. This strain proved also to improve metabolic syndromes in rats including obesity, hyperlipidemia, hyperglycemia and insulin resistance. Our recent study on E. faecium FFNL-12 indicated the ability of this strain to assimilate approximately 92% of cholesterol molecules present in its growth medium. 46 
Liver Function Markers
Serum levels of alkaline phosphatase (ALP) and acid phosphatase (ACP) were considered as markers for liver function. The serum levels of ALP in hypercholesterolemic groups (G3 to G6) were ranging from 175.33 to 199.00 U/L, which were significantly lower than 227.33 mg/dl found in animals belonged treatment G2 (Table 6 ). Among treatments, MFGM (G6) caused the lowest increase in serum levels of ALP with an average concentration of 175.33 U/L, which was significantly higher than 165.00 U/L for healthy animals (G1). Generally, the levels of serum ALP among treatments were in the following order, G2 > G3 > G5 > G4 >G6 > G1, respectively.
On the other hand, the levels of serum ACP in hypercholesterolemic groups (G3 to G6) were ranging from 12.25 to 16.68 U/L which were significantly lower than 25.40 mg/dl found in animals belonged to G2. Similarly to ALP, MFGM caused the lowest increase in concentration of ACP among hypercholesterolemic groups. The administration of MFGM resulted in significant reduction in the level of ACP to 12.25 U/L versus 25.40 U/L for animals in G2. Generally, the levels of serum ACP were in the following order, G2 > G5 > G3 > G4 > G6 > G1, respectively.
Cardiac Function Markers
The serum levels of creatine kinase-MB (CK-MB) in animals subjected to treatments G3 to G6 were ranging from 40.47 to 52.49 U/L, which were significantly lower than 56.20 U/L found in animals subjected to treatment G2 ( Table 6 ). The administration of MFGM led to the lowest level in activity (40.47 U/L) of CK-MB, compared with untreated animals in G2, which may indicate its possible role to reduce risk for the cardiovascular (CDV) diseases. The activity of CK-MB in the serum was in the following order, G2 > G5 > G3 > G4 >G6 > G1, respectively. Creatine kinase is considered to be a sensitive marker of muscle damage and cardiac injury. 47 It has also been used either to confirm or exclude acute myocardial infarction in humans due to its high specificity for the cardiac muscle. 48 In the present study, MFGM, buttermilk and E. faecium FFNL-12 appeared to attenuate the negative effects of a hypercholesterolemic diet by reducing levels of CK-MB. The most remarkable effect resulted from the administration of MFGM followed by E. faecium FFNL-12/buttermilk combination and E. faecium FFNL-12, respectively.
The serum levels of lactate dehydrogenase (LDH) in animals subjected to treatments G3 to G6 were ranging from 88.96 to 119.66 U/L, which were significantly lower than 132.88 U/L found in animals belonged to G2 ( Table 6 ). In general, hypercholesterolemic diet resulted in significant increase in serum activity of LDH. Similarly, Kim (2016)49 reported that hypercholesterolemic diet caused significant increase in serum LDH in rats.
The administration of MFGM appeared to be the most effective to reduce activity in LDH in serum of animals subjected to G6. An average concentration of 88.96 mg/dl was found in serum of animals subjected to G6, which was significantly lower than 91.37 U/L for healthy animals (G1). In general, the levels of serum LDH were in the following order, G2 > G3 > G5 > G4 >G1 > G6, respectively.
Antioxidant Markers
The values of thiobarbituric acid-reactive substance (TBARS) contents in liver tissues of different animals are presented in Table 6 . Animals belonged to treatments G3 to G6 had TBARS values ranging from 3.77 to 6.8 mg/dl, which were significantly lower than 12.63 mg/dl found in animals subjected to treatment G2. The administration of E. faecium FFNL-12/buttermilk (G4) appeared to be the most effective treatment to reduce risk for the development of oxidation stress. Animals of G4 treatment had TBARS concentration of 3.77 mg/dl. The levels of liver TBARS were in the following descending order, G2 > G6 > G5 > G3 > G4 > G1, respectively. It has been recognized for long that the consumption of high-fat diet induce oxidative stress expressed by the induction of TBARS in liver tissue. [50] [51] [52] Feeding animals on high saturated fat diet (e.g., containing lard) as in the present study appeared to reduce the hepatic antioxidant enzymes, and increase the levels of lipid peroxidation products and TBARS values in the liver and plasma. 50, 51 Some peptides derived from MFGM, e.g., butyrophilin, have been found to exert antioxidant activity in buttermilk. 6 This derived peptide and others might be responsible for the reduction in TBARS values in animals fed buttermilk or MFGM (G4, G5 and G6) compared with animals subjected to G2.
The antioxidant activity E. faecium FFNL-12 reported in this study was evident as the administration of this strain either alone (G3) or in combination with buttermilk (G4) resulted in significant reduction in TBARS values compared with values for animals subjected to G2. Similarly, sixteen strains of E. faecium, isolated from meat and dairy products, have been shown to exert antioxidant activity as determined by TBARS. 53 The antioxidant activity has been found in the culture supernatant of each strain but the responsible molecules have not been identified yet. 
Histopathological Examination
Histopathological examination of liver tissues of healthy and hypercholesterolemic animals was conducted at the end of experiment to get in sight into the effect of different treatments on liver histology and function (Figure 1) . Photo (1A) shows histological characteristics of liver sections from animals fed standard diet (G1). It was obvious that these animals had normal hepatic cells, distinct architecture with sinusoidal space and clear central vein. 54 Meanwhile, no signs of inflammation, fibrosis and steatosis could be seen throughout visualised sections. Hepatocytes appeared uniformly in shape and size and intact with the presence of well integrated nucleus. This structural characteristic was similar to that reported by Bisar (2017) 55 who described the normal hepatic structure as radiating plates, strands of cells forming a network around the hepatic central vein.
On the other hand, induction of hypercholesterolemia appeared to result in significant modifications in liver histological structure. Examination of liver sections of hypercholesterolemic rats indicated the loss of normal architecture found in healthy animals. The histopathological characteristics of livers from animals subjected to G2 revealed the presence of hepatocellular injury, inflammation, dilation in central vein, moderate fibrosis and leucocytic infiltration around the central vein Figure (1B) . A previous study indicated that feeding rats on highfat and high-cholesterol diet could develop obvious fibrosis, steatosis and inflammation with hepatocyte ballooning and might initiate liver cirrhosis compared with standard diet. 56 Hypercholesterolemic rats subjected to treatments G3 to G5 shared the same structural characteristics with G2 animals but to lesser extent Figure (1-C, D, E and F) . This may indicate the potential hypocholesterolemic effect of different treatments applied to animals in G3 to G6. However, animals administrated MFGM had histopathological architecture identical to that of healthy animals. Also, the administration E. faecium FFNL-12/buttermilk (G4) resulted in remarkable amelioration in liver histopathological architecture. This combined treatment was more effective than the application of either E. faecium FFNL-12 (G3) or buttermilk (G5) alone. 
Conclusion
The potential hypocholesterolemic ability of strain Enterococcus faecium FFNL-12 (E. faecium FFNL-12) reported in this study makes it promising candidate to be used for the preparation of probiotic supplements or as an adjunct culture in making fermented dairy products.
Also we concluded that MFGM fraction as well as E. faecium FFNL-12/buttermilk combination were effective in reducing serum lipids and glucose levels to the normal range. This combination also had potential antioxidant activity and ability to improve liver and heart functions. Thereby, the development of fermented buttermilk based functional product could be recommended to deliver health benefits to human body, including antioxidant activity, lowering blood cholesterol and glucose levels and improvement of liver and heart functions.
